to differentiate between the neuronal populations, we neurons express high levels of either G␣i2 or G␣o. A used the apical VN marker phosphodiesterase type IVA mouse line carrying a targeted disruption of the G␣i2 (PDE4A). A significant 49.8% Ϯ 4.4% reduction of the gene [3] offered the opportunity for studying the efapical VN population was evident in G␣i2 mutant mice fects of a lack of receptor signaling through the het-( Figure 1C ). The basal, G␣o-expressing population had erotrimeric Gi2 protein in one VN cell type. As a conseincreased 17% Ϯ 9% compared to the control. quence of this deficiency, the number of VN neurons Next we addressed the phenotypic change in the tarthat normally express G␣i2 is decreased by half. These get region for the VN axons. The spatial segregation of residual neurons are defective in eliciting a response the VN neurons is maintained because axons of apical in their target neurons in the accessory olfactory bulb.
positive VN neurons per section, whereas the number for control mice was 5.5 Ϯ 1.3 (p Ͻ 0.01, Student's twotailed t test). Proliferation appeared unchanged at this age; there was no significant difference in the numbers of phospho-histone H3-positive cells in the neuroepithelial part of the VN organ (3.2 Ϯ 0.4 cells per section for mutants versus 3.4 Ϯ 0.3 for controls). The decrease in the apical VN neuronal population in G␣i2 mutant mice may be a direct effect of the absence of sensory activity due to lack of the G␣ subunit for the heterotrimeric G protein G␣i2␤2␥2, through which the V1R receptors conceivably signal [20] . An alternative explanation is that in the mutant, apical VN axons may be less efficient in finding the AOB target and consequently may benefit less from neurotrophic support by target neurons. The lack of G␣i2 is not as detrimental to the VN neuron as when its vomeronasal receptor is deleted [15, 16] . An interesting possibility is that the importance of an intact signaling pathway for neuronal survival is even more evident when signaling-defective VN neurons are surrounded by normal VN neurons, as is the case when a single vomeronasal receptor gene is deleted.
Function of the VN organ has typically been studied with complex chemosensory stimuli from animals of the same species [1]. Exposure to natural stimuli such as contact with a stimulus animal, soiled bedding, or urine leads to induction of c-Fos expression in the VN target neurons in the AOB, and c-Fos has been used as an "activity marker" [21] . To address differences between G␣i2 mutants and controls, we exposed male mice to (Table 1) . Interestingly, when we quantified the level of aggression by scoring latency to first attack and the total time the male displayed aggressive behavior, respectively, there was a significant reduction for mutants compared to controls (Table  1 and Figure 3A) .
Recent studies have shown that genetically modified mice in which all VN neurons are nonresponsive to stimuli ("Trp2 mutants") lack intermale aggressive behavior [26, 27] . Many behaviors are influenced by genetic background, and different inbred mouse strains display variable degrees of aggression [28, 29] . In the studies of Trp2 mutants, effects of genetic inactivation of the VN-specific Trp2 ion channel were analyzed in mice with a mixed 129 and C57BL genetic background [26, 27] . In order to confirm the reduced but not eliminated aggressive behavior in G␣i2 mutant mice, we used males with a 129-like genetic background as residents in experiment 2. In this experiment differences between G␣i2 mutants and controls were more pronounced. All control males showed aggression toward the intruder, but only 43% of the mutants did so. Moreover, analysis of only those mutant males that showed aggression revealed that these were significantly different from controls. sive behavior by the stimulus male) scented with urine Figure 3B ). Thus, apical VN neurons appear not to be of great importance for as with a female when given a choice. Gender preference In experiment 1, the total time was 45.5 Ϯ 7.4 s for controls (n ϭ 13) and 15.2 Ϯ 11 s for mutants (n ϭ 6). In experiment 2, the time was 36.7 Ϯ 7.5 s for controls (n ϭ 9) and 5.7 Ϯ 2.6 s for mutants (n ϭ 3). These values can be compared to those in Table 1 is also affected by removal of the VN organ, but not at [35] . This suggestion does not, however, exclude the possibilities that the apical and basal VN populations all to the same extent as in the Trp2 mutants [24, 26, 27, 32]. In contrast, G␣i2 mutant males showed a clear may have specialized as well as redundant functions in conveying chemosensory information sufficient for the preference for the female in this mating choice assay ( Figure 3B) . Thus, according to this type of behavioral mouse to be able to perform on other behavioral tasks. More research will be needed to resolve these issues. analysis it appears that G␣i2 mutant males can discriminate between the sexes and show no alterations in sex-
In conclusion, we have described here results suggesting that the ability to signal through an intact Gi2 ual partner preference.
Nonlactating female mice of inbred strains rarely show heterotrimeric G protein is necessary for the apical VN neuronal population to thrive and function. Both male behaviors that can be defined as aggressive [29] . Lactating females, however, generally display a high degree and lactating female G␣i2 mutant mice show severely blunted aggressive responses toward a strange male of aggression toward intruders. This type of maternal aggressive behavior has previously been shown to be that is introduced into the home cage. 
